ABSTRACT. The ridgetail white prawn Exopalaemon carinicauda is one of the major economic shrimp species cultured in China. In this study, 30 microsatellite loci were isolated and characterized for the ridgetail white prawn E. carinicauda using a microsatelliteenriched library. Polymorphisms were tested in 30 individuals from a single wild population. The number of alleles at each locus ranged from 2 to 14. The observed and expected heterozygosities varied from 0.1000 to 0.8000 and from 0.2299 to 0.9228, respectively. The PIC value ranged from 0.2002 to 0.8939. These new loci will be useful in the study of population genetic structure and genetic diversity in this species.
INTRODUCTION
The ridgetail white prawn Exopalaemon carinicauda (Crustacea: Decapoda: Palaemonidae) is an endemic shrimp species in China and is widely distributed in the coastal waters of China and west coast of the Korean Peninsula, especially in the Yellow and Bohai Seas. Due to the multiple merits of good reproductive performance, fast growth, and good environmental adaptability, the culture area of the ridgetail white prawn in China has expanded in recent years (Wang and Cao, 2010) . Although the ridgetail white prawn is one of the major commercial shrimp species cultured in China and contributes one-third of the gross revenues from the polyculture ponds in eastern China (Xu et al., 2010) , its seeding is dependent on wild resources.
So far, studies have focused on culture (Shi and Ye, 2007) , biology (Li, 1994) , and ecology (Wang and Cao, 2010) , but there are few reports about population genetics. The conservation and culture of the prawns require information about the genetic diversity and structure of E. carinicauda. To provide some available information on developing conservation and culture, efficient molecular markers are needed to study the genetic diversity and structure of the species. Microsatellite markers are regarded as a useful tool for such studies, because they show a high degree of polymorphism, co-dominance and neutrality. In this study, we developed 30 polymorphic microsatellite loci in the ridgetail white prawn.
MATERIAL AND METHODS
Samples of the ridgetail white prawn were collected from the coastal waters of the Bohai Sea, Laizhou Bay, Shandong Province, China. The samples were stored at -80°C in the laboratory.
The isolation of microsatellites from the prawn was performed using the enrichment protocols reported by Song (2010) , with minor modifications. Genomic DNA was extracted from the muscle of a single individual using phenol-chloroform procedures described by Liu et al. (2000) . Approximately 6 μg genomic DNA was digested with the restriction endonuclease HaeIII. DNA fragments from 400 to 1200 bp were separated on a 1.5% agarose gel, extracted using a Gel Extraction kit (Tiangen, China), and ligated to HaeIII adaptors generated by annealing together oligo A (5ꞌ-CTCTTGCTTGAATTCGGACTA-3ꞌ) and oligo B (5ꞌ-pTAGTCCGAATTCAAGCAAGAGCACA-3ꞌ) using T 4 DNA ligase (TaKaRa, Dalian, China). The ligated DNA fragments were amplified by polymerase chain reaction (PCR) using oligo A as the primer. The PCR products were cleaned using a DNA purification kit. The PCR products were then hybridized with the biotinylated probes (AC) 15 and (AG) 15 , and the hybridization complexes were captured using streptavidin magnetic beads (Promega). Captured fragments were amplified again using oligo A as primer, ligated to pMD18-T vector (TaKaRa), and transformed into competent Escherichia coli DH5α cells. The clones were identified on LB plus ampicillin plates. Approximately 460 clones were randomly picked and screened by colony PCR and 314 clones were positive. A total of 227 positive colonies were selected from the 314 clones and sequenced on an ABI 3730 DNA sequencer (Applied Biosystems), which showed that 186 clones contained microsatellites.
After we discarded duplicates using the DNAMAN version 6.0 software and discarded those with short unique regions flanking the microsatellite array, 132 primer pairs were designed by the Primer 5.0 software (http://www.premierbiosoft.com/). Primers were selected and PCR conditions were optimized using genomic DNA obtained from 5 individuals. The polymorphisms of the microsatellite loci were examined in 30 individuals of E. carinicauda. The PCR amplifications were done in a 20-μL reaction volume containing 90 ng DNA template, 1.0 μM forward and reverse primers, 1X PCR buffer, 2.4 mM MgCl 2 , 0.32 mM dNTPs, and 1.0 U Taq DNA polymerase. PCR profiles involved an initial denaturation at 94°C for 5 min, followed by 28 cycles of 94°C for 45 s, annealing at 48° to 62°C (Table 1) for 45 s and extension at 72°C for 45 s, and a final extension at 72°C for 5 min.
PCR products were resolved on 8% denaturing polyacrylamide gels and visualized by silver staining. We calculated the number of alleles per locus. The observed and the expected heterozygosities, and test for Hardy-Weinberg equilibrium (HWE) were determined with POPGENE32 (Yeh et al., 1999 ). Linkage disequilibrium was tested using GENEPOP 4.0 (Rousset, 2008) . Polymorphism information content (PIC) was calculated using the method described by Botstein et al. (1980) .
RESULTS AND DISCUSSION
Of a total of 132 microsatellite loci, 48 were polymorphic in E. carinicauda. Thirteen markers were judged to be multilocus markers because they amplified more than two alleles in most individuals. Five markers could not be fully amplified in 30 individuals of E. carinicauda. The number of alleles at the remaining 30 SSR markers ranged from 2 to 14 with an average of 8.2 alleles. The observed and the expected heterozygosities ranged from 0.1000 to 0.8000 and from 0.2299 to 0.9228, with an average of 0.4438 and 0.8220, respectively. The PIC value ranged from 0.2002 to 0.8939 (Table 1) . Botstein et al. (1980) regarded any locus with a PIC ≥ 0.5 as highly polymorphic. In our study, only 1 of the 30 loci analyzed did not meet this criterion. Sixteen of the 30 loci deviated significantly from HWE after a Bonferroni's correction (P < 0.0017). These deviations might have been caused by the presence of null alleles (Pemberton et al., 1995) and sampling effect. Significant linkage disequilibrium was not detected between any pairs of loci (P < 0.01). The results suggested that these polymorphic loci should be useful in surveying the population genetic structure and genetic diversity of E. carinicauda. Ta = annealing temperature; N A = number of alleles; H O = observed heterozygosity; H E = expected heterozygosity; P = probability of being in Hardy-Weinberg equilibrium; PIC = polymorphism information content; *significant departure from expected Hardy-Weinberg equilibrium conditions after correction for multiple tests. 
